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Abstract 
Carbon composites (CFRP) are commonly used in mountain bike frames allowing very high stiffness and strength at 
low weights. But CFRP is also sensitive to transversal impact loads, which damage the material from within and can 
affect the structural safety. A mountain bike frame suffers from different types of impacts, like crashes and stone 
impacts as well as contacts of the chain on the chain stay.  
In rough terrain or by passing obstacles, the chain starts oscillating vertically, on the slack span as well as on the tight 
span of the drive train. Oscillations with high amplitudes, caused for example by jumps, will lead to impacts of the 
chain on the chain stay. It is known that recurring impacts damage the surface of the chain stay, but there is only little 
knowledge if the impact energy leads to considerable damage inside the material, affecting the structures integrity. 
To analyze the occurring energy levels and to investigate the effect of chain stay impact on the structural safety, a 
validated multi body model of a Shimano XT drive train was developed in Simpack. The model is activated by 
vertical excitation based on acceleration measurements in field. This allows the assessment of the energy levels of the 
impact events as a function of excitation (e.g. track consistence) and drive train parameters (masses, moments of 
inertia, geometrical dimensions). 
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1. Introduction 
In the past aluminium mountain bike frames were the ultimate benchmark regarding durability and 
weight. Nowadays carbon composites are becoming increasingly important in the bicycle industry. 
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Mainly higher price segment bike frames are made from this material. Compared to aluminum, carbon 
composites are characterized by their higher tensile strength and lower density which allows high 
stiffness at a lower weight. 
 Due to their lower impact toughness compared to ductile aluminium, carbon composites are much 
more sensitive to damages caused by crashes etc. As impact damages occur inside the material with only 
little damage on the surface, they are very critical for structural parts like bike frames [1, 2]. 
Impacts on the frame are not only caused by crashes, but also from the chain in the chain stay area. In 
rough terrain or by passing obstacles it starts oscillating vertically. Oscillations with high amplitudes e.g. 
caused by jumps will lead to impacts of the chain on the chain stay.  In field, aluminum frames often 
show considerable damages on the surface of the chain stay from the recurring impacts. The sensitivity of 
CFRP to impact loads raises the question, if chain stay impacts have to be considered for damages inside 
the material or if it is just a topic for the surface of the structure. Therefor the occurring energy levels 
have to be known in order to evaluate the exposure. 
In the following sections a method is shown, which enables an estimation of the impact energy 
dimensions occurring from chain stay impact. A multi body model (MBS) of a Shimano XT drive train 
was built in the simulation package Simpack in order to map the real chain’s behaviour and to estimate 
the impact energy of the chain hitting the chain stay.  
The model was excited with vertical accelerations measured in field tests. Using the contact 
characteristics of the impact events, the impact energy was calculated, the occurring energy levels have 
been analysed and their effect on the structural safety has been evaluated.  
 
 
Fig. 1. Simpack MBS-Model 
2. Modeling
As mentioned before, the drive train of a Shimano XT was modelled, because of the common use of 
this product in mountain biking. First, the single components of the drive train (crank, derailleur, cassette 
and chain) were designed in CAD in order to evaluate realistic moments of inertia and the locations of the 
centres of gravity relative to the relevant joints. Then the drive train was modelled parametrically in 
Simpack, making the following simplifications and assumptions: 
The problem was reduced to a two dimensional analysis and friction based on skew is neglected. The 
chain links are free from play and all components are modelled as rigid bodies. 
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The crank is fixed and cannot rotate, as there is normally no pedalling in downhill biking. There is no 
freewheel modelled at the cassette, and it can freely revolve around y-axis, because it is expected, that the 
back wheel rotates faster than the cassette does, and therefore the freewheel would not lock. Guide and 
tension pulley of the derailleur are linked by two bars with rotational degrees of freedom at their end 
joints. Between the two bars a rotational spring keeps the chain strained. Due to the parametrical layout 
the following parameters can be easily changed: 
 
xMasses, moments of inertia and positions of centre of gravity 
xChain stay-length and –position 
xSpring rate of the torsion spring in rear derailleur 
xWheelbase 
xPosition of derailleur hanger and bottom bracket axle 
xRear derailleur cage length 
 
Of particular importance for the multi-body system is the contact model between the chain and the 
chain rings. In this model the Simpack force element “Curve-to-Curve Contact” is used. The contact force 
acts on both touching bodies when their surfaces get in contact to each other. It is also possible to transmit 
tangential forces such as those from friction between the bodies. The contact is modelled with simple 
cylinder geometries for the chain elements and the chain rings. Error! Reference source not found. 
shows a visualization of the contact model. 
 
 
Fig. 2. "Curve-to-Curve Contact", Model with cylinders 
The contact between the chain links and the chain stay is modeled in a similiar way but with an 
“Unilateral Spring-Damp” force element from the Simpack library. Taking into account that the chain´s 
kinetic energy completely converts into potential energy of the spring element while penetrating the chain 
stay, the impact energy can be easily calculated by the formula 
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where c is the chosen spring stiffness and smax represents the maximal penetration depth. 
The complete MBS-model is shown in Fig. 1. 
In order to identify the influence of the gear selection, five different configurations have been 
analysed. They consist of the four extreme positions (44-32, 44-11, 22-32, 22-11) and a moderate 
configuration of 32-18 as shown in Figure 3. 
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Fig. 3. Gear configurations 
An analysis of mountain bikes from different manufacturers and for different applications showed, that 
there are two main positions of chain stays to the axes of the crank and the rear wheel. One is the direct 
connection between the rear axle and bottom bracket on the one hand, and an alternative design with a 
parallel offset of 10 mm downwards. 
Finally those two parameters combined lead to a total number of 10 different configurations for the 
simulations. 
The excitation of the MBS-Model is realized by definition of the rheonomic motion. Based on the 
acceleration-time-history data Ɨ(t) measured in field tests, the excitation vector 
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is generated by integration. This vector completely defines the motion of the centre of gravity of the 
inertial frame of the model. As mentioned the acceleration time histories are measured in field tests. 
Therefor a single axis acceleration sensor was placed on the chain stay of a mountain bike near the rear 
axle in vertical orientation (figure 4, left). Different test runs have been carried out and the signal with the 
highest amplitudes has been chosen for the excitation of the model, occurring at a downhill over 13 stairs 
with a height of 8 cm each.  
 
 
 
 
 
 
 
Fig. 4. Acceleration sensor on the chain stay (left) and mounting of the high speed camera on the bike for validation 
3. Validation 
In order to compare the motion of the simulation with the realistic chain movement a special test run 
was carried out. Additionally to the acceleration measurement, a highspeed camera (framerate 30 fps) was 
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mounted in front of the drive train (figure 4, right) in order to record the oscillation behaviour 
simultanouosly to the accelleration measurement. From the videos the amplitudes of some chain elements 
were analysed and compared to the results from the simulation. Figure 5 illustrates the motion of an 
arbitrary chain link during a simulation compared to a few manually measured amplitude peaks recorded 
by the high speed camera. The results show a good correlation of the simulation and the real motion as 
the maximum amplitude peaks are similar while the subjective impression of the overall motion of the 
model compared to the video is in good correlation as well.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Oscillation behaviour of arbitrary chain element in simulation compared to reality 
4. Results 
The results show only impacts on the top side of the chain stay as the down side is free from hits. 60 % 
of the collisions take place in the back most third of the chain stay. The maximal gathered impact energy 
is very low at 2.43 mJ occurring in the area near the rear axle at the 44-11 gear configuration. Figure 6 
shows the frequency of occurrence of the energy levels. About 80% of the impacts don´t exceed 0.2 mJ. 
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Fig. 6. Frequency of impact energy levels 
5. Discussion 
Due to maximal impact energies of only 2.43 mJ, there are no structural damages expected in chain 
stays of carbon composite structures. Additionally the gathered maximum energy occurs in the back most 
third of the chain stay, where normally the chain is not located above the chain stay because of its 
diagonal orientation from the bottom bracket to the rear axle. For this reason the chain would not hit the 
chain stay in reality and therefore the maximum energy would be even smaller. 
In our opinion the occurring damages on aluminium frames in field are an effect of the recurring 
impacts and their chipping effect. Therefore chain stay impact is considered uncritical for CFRP 
structures, but protection of the surface is recommended in order to protect the finish of the frame. 
In order to support the results of these investigations, additional simulations are planned based on 
different excitation characteristics from further field tests and the effect of excitation-scaling will be 
examined. 
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